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(57) ABSTRACT 

The present invention provides a method of ef?ciently 
manufacturing a dielectric Waveguide With high reliability 
and precision. In the method, a resist material is formed on 
the outer surface of a green compact provided With a 
removal inhibiting layer, and predetermined portion of the 
green compact de?ned by the resist material is removed by 
the sand blasting method using the resist material as a mask, 
until the removal inhibiting layer is exposed to obtain a 
shaped green compact structure. The thus-obtained structure 
is ?red to obtain a sintered body Which comprises a dielec 
tric strip and a Wing. 
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METHOD OF MANUFACTURING A 
DIELECTRIC WAVEGUIDE 

CROSS REFERENCE TO RELATED 
APPLICATION 

This is a divisional of US. patent application Ser. No. 
09/780,051, ?led Feb. 9, 2001, now US. Pat. No. 6,568,067, 
issued May 27, 2003. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of rnanufactur 
ing a dielectric Waveguide suitable for use as a transmission 
Waveguide in the rnillirneter-Wave band and microwave 
band, and for use in an integrated circuit, and a dielectric 
Waveguide obtained by the manufacturing method. 

2. Description of the Related Art 
An example of a dielectric Waveguide comprises a dielec 

tric strip provided betWeen tWo conductive planes, Which are 
substantially parallel, so that electromagnetic Waves are 
transmitted along the dielectric strip. One dielectric 
Waveguide, a non radiative dielectric Waveguide (referred to 
as “NRD guide” hereinafter) is developed as a transmission 
Waveguide exhibiting less transmission loss, in Which the 
distance betWeen the tWo conductive planes is set to be a half 
or less of the Wavelength of the transmitted Wave to form a 
cut-off region, for preventing radiation of electromagnetic 
waves from the dielectric strip. The electromagnetic wave 
propagation modes of such NRD guides include tWo types 
including an LSM mode and an LSE mode, and the LSM 
rnode exhibiting less loss is generally used. 

FIGS. 3 and 4 are sectional vieWs respectively shoWing 
the tWo typical constructions of conventional NRD guides. 

FIG. 3 shoWs a normal type NRD guide 1 comprising a 
dielectric strip 4 provided betWeen tWo conductive plates 2 
and 3 Which are arranged in parallel to each other. This 
norrnal type NRD guide 1 is disclosed in, for example, 
Japanese EXarnined Patent Publication No. 62-35281. 

FIG. 4 shoWs a so-called Winged type NRD guide 5 in 
Which Wings 8 and 9 are integrally formed on dielectric 
strips 6 and 7, respectively, and conductors 10 and 11 are 
provided on the surfaces of the dielectric strips 6 and 7, and 
the Wings 8 and 9, respectively, Which face outWard, the tWo 
dielectric strips 6 and 7 being arranged opposite to each 
other. The conductors 10 and 11 can be formed by, for 
example, an evaporation method, a method of baking con 
ductive paste containing silver or the like. Such a Winged 
type NRD guide 5 is disclosed in Japanese UneXarnined 
Patent Publication No. 6-260814. 

In the Winged type NRD guide 5, the conductors 10 and 
11 can be easily aligned With the dielectric strips 6 and 7, 
respectively, as compared With the normal type NRD guide 
1, and the Winged type NRD guide 5 has the advantage of 
eXcellent reproducibility of characteristics. 

Examples of materials for the dielectric strips include 
synthetic resins such as Te?on (registered trademark of US. 
Du Pont), and the like, and dielectric cerarnic. The dielectric 
cerarnic has a higher dielectric constant than a synthetic 
resin, Whereby the bend loss of curved portions of the 
dielectric strips can be decreased, and rniniaturiZation can be 
achieved. Therefore, at present, development of a dielectric 
strip using dielectric cerarnic is proceeding. 

In the Winged type NRD guide 5 shoWn in FIG. 4, the 
Width W of each of the dielectric strips 6 and 7, and the 
thickness T of each of the Wings 8 and 9 are de?ned by the 
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2 
dielectric constant of the dielectric material, Which consti 
tutes these components, and the frequency of the electro 
magnetic Wave used. Each of the Width W and the thickness 
T generally decreases as the dielectric constant or the 
frequency used increases. 
The dielectric strips 6 and 7 and the Wings 8 and 9 of the 

Winged type NRD guide 5 shoWn in FIG. 4 are produced by 
using dielectric ceramic and one of two methods: a ?rst 
conventional method comprising cutting a plate-shaped 
cerarnic sintered body obtained by ?ring, to impart the 
shapes of the dielectric strips 6 and 7 and the Wings 8 and 
9 to the ceramic sintered body, or a second conventional 
method comprising larninating a plurality of green sheets 
including green sheets each comprising an opening or notch, 
Which is previously provided for making the Wings 8 and 9 
thinner than the dielectric strips 6 and 7, and then ?ring the 
resultant green sheet laminate to form the dielectric strips 6 
and 7 and the Wings 8 and 9, each having the desired shape, 
as disclosed in Japanese UneXarnined Patent Publication No. 
10-224120. 

HoWever, in the ?rst conventional method, the ?red 
cerarnic sintered body is very hard, thereby causing the 
problem of requiring much time and labor for cutting the 
ceramic sintered body in the desired shape. Also, each of the 
Wings 8 and 9 has a relatively small thickness T, thereby 
causing the problem of easily producing cracking or chip 
ping during the cutting step. 
On the other hand, in the second conventional method, it 

is very dif?cult to precisely cut the green sheets to the Width 
W of the dielectric strips 6 and 7, and to precisely align the 
plurality of green sheets, thereby causing the problem of 
poor Workability. Particularly, a NRD guide frequently used 
as a radio frequency transrnission Waveguide is required to 
have very high dimensional precision for the dielectric 
strips, and thus the problem of poor Workability becornes 
serious. 

SUMMARY OF THE INVENTION 

The present invention provides a method of rnanufactur 
ing a dielectric Waveguide With reduced the manufacturing 
cost, With increased dirnensional precision in the dielectric 
strips and Wings, and With less cracking or chipping in the 
course of the processing process, and a dielectric Waveguide 
obtained by the manufacturing method. 
The present invention is aimed at a method of manufac 

turing a Winged type NRD guide comprising a plurality of 
conductors having substantially parallel planes, a dielectric 
strip arranged betWeen the planes of the plurality of 
conductors, and a Wing integrally formed to extend from the 
dielectric strip along each of the planes of the conductors. In 
order to resolve the above technical problems, the method of 
manufacturing a dielectric Waveguide of the present inven 
tion is characteriZed by the folloWing construction. 

In a ?rst aspect of the present invention, the rnanufactur 
ing method comprises the step of preparing a green cornpact 
containing an inorganic poWder and an organic binder for 
forming a dielectric strip and a Wing by using a part of the 
green compact, the step of forming a resist material on the 
outer surface of the green cornpact With an opening formed 
at a position of the resist rnaterial corresponding to the Wing, 
the step of removing the portion of the green cornpact, Which 
is eXposed through the opening, to a desired amount by 
using the resist material as a mask to form an un?red 
structure having the shapes of the dielectric strip and the 
Wing, the step of removing the resist material, the step of 
?ring the structure to obtain a sintered body having the 
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dielectric strip and the Wing, the step of providing a con 
ductor on the surfaces of the dielectric strip and the Wing, 
Which face outward, and the step of arranging tWo sintered 
bodies in a state in Which the dielectric strips are opposed to 
each other. 

The method of manufacturing a dielectric Waveguide in 
the ?rst aspect of the present invention further comprises, in 
the step of removing the portion of the green compact 
eXposed through the opening, the step of preparing a 
dif?cult-to-remove material having a loWer removal rate 
than that of the green compact, to provide a removal 
inhibiting layer comprising the dif?cult-to-remove material 
in a portion of the green compact corresponding to the 
thickness of the Wing in preparing the green compact, so that 
the step of removing the portion of the green compact 
eXposed through the opening is carried out until the removal 
inhibiting layer is eXposed. 

In the ?rst aspect of the present invention, in preparing the 
green compact, a plurality of green sheets containing an 
inorganic poWder and an organic binder are preferably 
prepared and laminated. 

In a second aspect of the present invention, the manufac 
turing method comprises the step of preparing a sintered 
ceramic substrate for forming a portion of a dielectric strip 
and a Wing, the step of preparing a green sheet containing an 
inorganic poWder and an organic binder for forming the 
remainder of the dielectric strip, the step of ?xing the green 
sheet on the ceramic substrate, for preparing a composite 
laminate, the step of forming a resist material on the outer 
surface of the composite laminate With an opening formed at 
a position of the resist material corresponding to the Wing, 
the step of removing the portion of the green sheet, Which is 
eXposed through the opening, to a desired amount by using 
the resist material as a mask to form an un?red structure 
having the shapes of the dielectric strip and the Wing, the 
step of removing the resist material, the step of ?ring the 
structure to obtain a sintered body having the dielectric strip 
and the Wing, the step of providing a conductor on the 
surfaces of the dielectric strip and the Wing, Which face 
outWard, and the step of arranging tWo sintered bodies in a 
state in Which the dielectric strips are opposed to each other. 

The method of manufacturing a dielectric Waveguide in 
the second aspect of the present invention further comprises, 
in the step of removing the portion of the composite laminate 
eXposed through the opening, the step of preparing a 
dif?cult-to-remove material having a loWer removal rate 
than that of the green sheet, to provide a removal inhibiting 
layer comprising the dif?cult-to-remove material betWeen 
the ceramic substrate and the green sheet in the composite 
laminate in preparing the composite laminate, so that the 
step of removing the portion of the composite laminate 
eXposed through the opening is carried out until the removal 
inhibiting layer is eXposed. 

In the second aspect of the present invention, the ceramic 
substrate and the green sheet preferably contain the same 
ceramic material. 

In the step of ?xing the green sheet on the ceramic 
substrate, a plurality of green sheets are preferably laminated 
on the ceramic substrate With the removal inhibiting layer 
provided therebetWeen. 

In the green compact in the ?rst aspect of the present 
invention or the composite laminate in the second aspect of 
the present invention, the step of removing the portion 
eXposed through the opening is preferably carried out by a 
sand blasting method. 

In the use of the sand blasting method, the removal rate 
of a material to be removed by the sand blasting method 
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4 
generally increases as the hardness of the material increases. 
Therefore, the removal inhibiting layer preferably comprises 
a softer material than the green compact or the green sheet. 
Therefore, the difficult-to-remove material Which constitutes 
the removal inhibiting layer can be easily realiZed by a 
composition containing a larger amount of organic compo 
nent than the green compact or the green sheet. The dif?cult 
to-remove material preferably contains substantially no inor 
ganic component. 

In both the ?rst and second aspects of the present 
invention, the step of removing the resist material is pref 
erably carried out at the same time as the step of ?ring the 
structure. 

The present invention also provides a dielectric 
Waveguide obtained by the above-described manufacturing 
method. 

Other features and advantages of the present invention 
Will become apparent from the folloWing description of 
embodiments of the invention Which refers to the accom 
panying draWings, in Which like references denote like 
elements and parts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A, 1B, 1C, 1D, 1E, 1F and 1G are sectional vieWs 
schematically shoWing in turn a plurality of steps of a 
method of manufacturing a dielectric Waveguide in accor 
dance With a ?rst embodiment of the present invention; 

FIGS. 2A, 2B, 2C, 2D, 2E, 2F, 2G and 2H are sectional 
vieWs schematically shoWing in turn a plurality of steps of 
a method of manufacturing a dielectric Waveguide in accor 
dance With a second embodiment of the present invention; 

FIG. 3 is an enlarged sectional vieW shoWing a conven 
tional normal type NRD guide; and 

FIG. 4 is an enlarged sectional vieW shoWing a conven 
tional Winged type NRD guide Which is of background 
interest to the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

FIGS. 1A, 1B, 1C, 1D, 1E, 1F and 1G are sectional vieWs 
schematically shoWing in turn a plurality of steps of a 
method of manufacturing a dielectric Waveguide in accor 
dance With a ?rst embodiment of the present invention. The 
Winged type NRD guide 5 shoWn in FIG. 4 is manufactured 
by this manufacturing method. 

First, as shoWn in FIG. 1A, a plurality of green sheets 12 
containing an inorganic poWder and an organic binder are 
prepared. 
As the inorganic poWder, a poWder of ceramic such as 

alumina, cordierite, forsterite, spinel, or the like, glass or the 
like can be used, and any inorganic poWder can be used as 
long as the poWder has no problem With processing preci 
sion and propagation properties. Since the use of dielectric 
ceramic advantageously permits miniaturiZation as com 
pared With the use of a synthetic resin such as Te?on or the 
like, an inorganic material having a dielectric constant of 4 
or more is preferably used as the inorganic material Which 
constitutes the inorganic poWder. 
As the organic binder, a butyral resin, an acryl resin, an 

urethane resin, an epoXy resin, a vinyl resin, or the like can 
be used, and any resin can be used as long as the resin can 
be removed more easily than the resist material 13 used in 
the removal step shoWn in FIG. 1D. 

In order to improve adhesion of the plurality of the green 
sheets 12 and handling Workability thereof, each of the green 
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sheets 12 may further contain a plasticiZer such as dioctyl 
phthalate, dibutyl phthalate, ot-terpineol, or the like. 

In order to produce the green sheets 12, a doctor blade 
method, a comma coating method, a roll coating method, a 
casting method, or the like can be used. 

Next, as shoWn in FIG. 1B, the plurality of green sheets 
12 are laminated, and then pressed to prepare a green 
compact 14. The green compact 14 is used for forming the 
dielectric strip 6 or 7, and the Wing 8 or 9 shoWn in FIG. 4 
by using a part of the green compact 14. 

The thickness of the green compact 14 is preferably 
adjusted so that the dielectric strip 6 or 7 obtained through 
the ?ring step, Which Will be described beloW, has a thick 
ness permitting propagation of electromagnetic Waves. 
Therefore, for example, the thickness of each of the green 
sheets 12 is preferably set to about several CIJm to several 
mm, and the thickness of the green compact 14 is preferably 
adjusted by controlling the number of the green sheets 
laminated. 

Referring to FIG. 1B, a removal inhibiting layer 15 is 
provided at an intermediate position of the green compact 14 
in the lamination direction thereof. The removal inhibiting 
layer 15 comprises a dif?cult-to-remove material having a 
loWer removal rate than that of the green sheets 12 in the 
removal step shoWn in FIG. 1D. 

The difficult-to-remove material prepared for providing 
the removal inhibiting layer 15 at the predetermined position 
in the green compact 14 has, for example, a composition 
containing a larger amount of organic component than the 
green sheets 12, and preferably containing substantially no 
inorganic component. 

In order to form the removal inhibiting layer 15 by using 
the dif?cult-to-remove material, for example, the dif?cult 
to-remove material can be applied to one of the main 
surfaces of the speci?ed green sheet 12 by a vapor deposi 
tion or printing method. HoWever, a preferred method com 
prises preparing a sheet used as the removal inhibiting layer 
15 by the same method as the green sheets 12, and then 
laminating the sheet together With the green sheets 12 
because common equipment and sheet forming conditions 
can be used. 

As seen from the description beloW, the portion of the 
removal inhibiting layer 15 in the green compact 14 is a 
portion in the green compact 14 corresponding to the 
thickness of the Wing 8 or 9. 

Next, as shoWn in FIG. 1C, a resist material 13 is formed 
on the outer surface of the green compact 14. The resist 
material 13 de?nes an opening 16 corresponding to the Wing 
8 or 9. 

In order to form the resist material 13 patterned to form 
the opening 16, for example, the printing method or the like 
can be used. HoWever, a photolithographic technique is 
preferably used from the vieWpoint that a pattern having 
excellent dimensional precision can be formed. As the 
material Which constitutes the resist material 13, any mate 
rial can be used as long as it has suf?cient resistance in the 
removal step shoWn in FIG. 1D. Examples of such materials 
Which can be used for the resist material 13 include poly 
vinyl alcohol, polymethacrylates, cellulose resins, poly-ot 
methylstyrene, urethane resins, and the like. 

Next, as shoWn in FIG. 1D, the portion of the green 
compact 14, Which is exposed through the opening 16, is 
removed to a predetermined amount by using the resist 
material 13 as a mask. In this removal step, any one of 
various methods such as sand blasting, Wet etching, chemi 
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6 
cal milling, ion milling, reactive ion etching, and the like can 
be used. HoWever, the sand blasting method is most pre 
ferred because the methods using a vacuum process are 
relatively undesirable for ?nely processing the green sheets 
12 containing moisture and the organic component, and 
relatively high dimensional precision can be realiZed in 
removal to a depth of as large as 0.2 to 1.0 mm, Which is 
required for producing the dielectric strip 6 or 7. 
The above-described sand blasting method can remove 

the portion of the green compact 14, Which is exposed 
through the opening 16, to the desired amount by spraying 
abrasive grains onto the portion, as shoWn by arroWs 17 in 
FIG. 1D. In this case, the dry blasting method comprising 
spraying abrasive grains together With a gas, or the Wet 
blasting method comprising spraying the abrasive grains 
together With a liquid may be used. 
As the abrasive grains used in the sand blasting method, 

abrasive grains of alumina, silicon carbide, carbon, rigid 
plastic, or the like can be used. As the gas, air, nitrogen, 
argon, or the like can be used. As the liquid, Water, ethyl 
alcohol, isopropyl alcohol, or the like can be used. 
The removal step by the sand blasting method is carried 

out until the removal inhibiting layer 15 is exposed as shoWn 
in FIG. 1D. Since the removal inhibiting layer 15 comprises 
the dif?cult-to-remove material having a loWer removal rate 
than that of the green compact 14, as described above, the 
removal inhibiting layer 15 is provided in the green compact 
14, and the removal is carried out until the removal inhib 
iting layer 15 is exposed, thereby providing a margin for 
control of the time required for carrying out the removal 
step. Therefore, it is possible to easily control the predeter 
mined removal amount, and prevent excessive removal. The 
effect of the removal inhibiting layer 15 is increased as the 
difference betWeen the removal rates of the green compact 
14 and the removal inhibiting layer 15 increases. 

In the use of the above-described Wet etching method in 
the removal step in place of the sand blasting method, the 
dif?cult-to-remove material Which constitutes the removal 
inhibiting layer 15 preferably has high chemical resistance. 
On the other hand, in the use of the chemical milling 
method, the ion milling method, or the reactive ion etching 
method, the difficult-to-remove material Which constitutes 
the removal inhibiting layer 15 preferably has gas corrosion 
resistance. 

In this Way, an un?red structure 18 having the shape of the 
dielectric strip 6 or 7 and the Wing 8 or 9 is produced. 

Next, as shoWn in FIG. 1E, the resist material 13 is 
removed from the structure 18. As the method of removing 
the resist material 13, for example, the method of immersing 
the resist material 13 in a solvent to dissolve it can be used. 
In the ?ring step, the method of removing the resist material 
13 by decomposing combustion may be used. Generally, as 
the method of removing the resist material 13, any method 
may be used as long as no undesirable deformation possibly 
occurs in the un?red structure 18. 

Next, the structure 18 is ?red to obtain a sintered body 19 
having the dielectric strip 6 or 7, and the Wing 8 or 9, as 
shoWn in FIG. 1F. This ?ring step can be carried out either 
a non-oxidative atmosphere or an oxidiZing atmosphere, and 
a conventional belt furnace or batch furnace, or the like can 
also be used for carrying out the ?ring step. 

Next, as shoWn in FIG. 1G, a conductor 10 or 11 is 
provided on the surface of the dielectric strip 6 or 7 and the 
Wing 8 or 9, Which faces outWard. 

In order to form the conductor 10 or 11, for example, an 
evaporation method, a printing method, a sputtering method, 
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a sol-gel method, a plating method, or the like can be used. 
Alternatively, the conductor 10 or 11 may be provided by 
attaching a conductor plate such as a metal plate separately 
prepared to the predetermined surface of the sintered body 
19, or by applying conductive paste to the un?red structure 
18 by the printing method or the like, and then baking the 
conductive paste at the same time as ?ring of the structure 
18. 

TWo sintered bodies shoWn in FIG. 1G are prepared, and 
arranged so that the dielectric strips 6 and 7 are opposed to 
each other to complete the Winged type NRD guide 5 shoWn 
in FIG. 4. 

FIGS. 2A, 2B, 2C, 2D, 2E, 2F, 2G and 2H are sectional 
vieWs schematically shoWing in turn a plurality of steps of 
a method of manufacturing a dielectric Waveguide in accor 
dance With a second embodiment of the present invention. 
The manufacturing method shoWn in FIGS. 2A—2H is also 
adapted to the manufacture of the Winged type NRD guide 
5 shoWn in FIG. 4. 

In FIGS. 2A—2H, the components corresponding to the 
components shoWn in FIGS. 1A—1G are denoted by the 
same reference numerals. Each of the components corre 
sponding to those shoWn in FIGS. 1A—1G can be produced 
by substantially the same method as the method described 
above With reference to FIGS. 1A—1G. 

First, as shoWn in FIG. 2A, a sintered ceramic substrate 20 
is prepared. The ceramic substrate 20 is used for forming a 
part of the dielectric strip 6 or 7, and the Wing 8 or 9. The 
ceramic substrate 20 can be obtained by ?ring the green 
sheet 12 shoWn in, for example, FIG. 1A. 
On the other hand, as shoWn in FIG. 2B, the same green 

sheet 12 as that shoWn in FIG. 1A is prepared. The green 
sheet is used for forming the remainder of the dielectric strip 
6 or 7. 

Next, as shoWn in FIG. 2C, the green sheet 12 is ?xed to 
the ceramic substrate 20 to prepare a composite laminate 21. 
In preparing the composite laminate 21, a plurality of the 
green sheets 12 are preferably laminated on the ceramic 
substrate 20, as shoWn in the draWing. 

Also, the removal inhibiting layer 15 comprising the 
dif?cult-to-remove material is provided betWeen the ceramic 
substrate 20 and the green sheets 12 in the composite 
laminate 21. 

Next, as shoWn in FIG. 2D, the resist material 13 is 
formed on the outer surface of the composite laminate 21. 
The resist material 13 is patterned in a shape in Which the 
opening 16 is formed in the portion corresponding to the 
Wing 8 or 9. 

Next, as shoWn in FIG. 2E, the portions of the green 
sheets 12, Which are exposed through the opening 16, are 
removed by using, for example, the sand blasting method 
using the resist material 13 as a mask until the removal 
inhibiting layer 15 is exposed, as shoWn by arroWs 17. In this 
Way, an un?red structure 18a having a shape comprising the 
dielectric strip 6 or 7, and the Wing 8 or 9 is prepared. 

Next, as shoWn in FIG. 2F, the resist material 13 is 
removed. The resist material 13 may be removed by decom 
posing combustion in the subsequent ?ring step. 

Next, the structure 18a is ?red to obtain the sintered body 
19 having the dielectric strip 6 or 7 and the Wing 8 or 9, as 
shoWn in FIG. 2G. In this ?ring step, the green sheets 12 
provided in the structure 18a are sintered, and joined to the 
ceramic substrate 20. 

Next, as shoWn in FIG. 2H, the conductor 10 or 11 is 
provided on the surface of the dielectric strip 6 or 7 and the 
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8 
Wing 8 or 9 of the sintered body 19, Which face outWard. The 
conductor 10 or 11 may alternatively be provided in the 
stage of the un?red structure 18a shoWn in FIG. 2F. 

Next, tWo sintered bodies 19 are arranged so that the 
dielectric strips 6 and 7 are opposed to each other to 
complete the Winged type NRD guide 5 shoWn in FIG. 4. 

In the second embodiment, the previously ?red ceramic 
substrate 20 de?nes a part of the dielectric strip 6 or 7, and 
the Wing 8 or 9 in the completed NRD guide 5. Therefore, 
the thickness of the Wing 8 or 9 can be set Without alloWing 
for shrinkage in degreasing and the ?ring step. In the ?rst 
embodiment, undesirable deformation possibly occurs in the 
green sheets 12 in progress of the ?ring step, While in the 
second embodiment, the ?ring step proceeds With the green 
sheets 12 reinforced With the ceramic substrate 20, thereby 
advantageously preventing the deformation of the green 
sheets 12. Therefore, particularly, the precision of the thick 
ness and shape of the Wing 8 or 9 can be improved. 

In the above-mentioned ?rst and second embodiments, as 
shoWn in FIGS. 1F and 2G each shoWing the state after the 
?ring step, the removal inhibiting layer 15 is removed by the 
?ring step. This applies to the case in Which the dif?cult 
to-remove material constituting the removal inhibiting layer 
15 contains only the organic component With substantially 
no inorganic component. If, hoWever, the dif?cult-to-remove 
material contains an inorganic component, the inorganic 
component contained in the removal inhibiting layer 15 
remains even after ?ring. HoWever, by using the same 
inorganic component as that contained in the green sheets 12 
or the ceramic substrate 20, the remaining inorganic com 
ponent presents no problem. 

The method of manufacturing a dielectric Waveguide of 
the present invention Will be illustrated in further detail 
beloW based on examples. 

EXAMPLE 1 

Example 1 relates to the ?rst embodiment shoWn in FIGS. 
1A—1G. 

In order to prepare the green sheet 12, a spinel poWer as 
an inorganic poWder, butyral resin “BM-2” (produced by 
Sekisui Chemical Co., Ltd.) as an organic binder, dioctyl 
phthalate as a plasticiZer, and ethyl alcohol and toluene as 
organic solvents Were prepared, and predetermined amounts 
of these materials Were Weighed and mixed in a polymer pot 
by a ball mill. Then, the green sheet 12 having a thickness 
of 10 to 100 pm Was formed by the doctor blade method. 
On the other hand, a sheet serving as the removal inhib 

iting layer 15 Was formed by the same method as the green 
sheet 12 except that the spinel poWder Was not added. 

Next, the green sheet 12 and the sheet serving as the 
removal inhibiting layer 15 Were cut in a 70-mm square and 
shaped, and a plurality of the green sheets 12 and the sheet 
serving as the removal inhibiting layer 15 Were laminated in 
the desired order, and then pressed by a hydrostatic isostatic 
press to obtain the green compact 14. 

Next, dry ?lm resist “BF-405” (produced by Tokyo Ohka 
Co., Ltd.) Was laminated on the upper surface of the green 
compact 14 under heating at 80° C., and exposed to ultra 
violet rays through the predetermined pattern mask. The 
exposure conditions included 365 nm and 200 mJ/cm2. 
Then, spray development Was carried out With an aqueous 
solution of 0.3% by Weight sodium carbonate at a liquid 
temperature of 30° C. to form the resist material 13 having 
the opening 16 on the green sheet compact 14. 

Next, the portions of the green sheets 12, Which Were 
exposed through the opening 16, Were removed by the sand 
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blasting method using the “NeWma Blaster-SC-3 type” sand 
blasting machine (produced by Fuji Seisakusho Co., Ltd.) 
until the removal inhibiting layer 15 Was completely 
exposed from the opening 16. In this processing, the dis 
tance betWeen the noZZle and the green sheets 12 Was 8 cm, 
and fused alumina “#1000” Was used as abrasive grains 
under a discharge pressure of 3 kg/cm2. 

Next, the thus-obtained un?red structure 18 Was 
immersed in an aqueous solution of 10% by Weight mono 
ethanol amine at a liquid temperature of 45° C. to remove 
the resist material 13. 

Then, the structure 18 Was ?red at a temperature of 1600° 
C. for 2 hours in air by using a batch type electric furnace 
to obtain the sintered body 19 having the dielectric strip 6 or 
7, and the Wing 8 or 9. 

In a plurality of the thus-obtained sintered bodies 19, 
neither cracking nor chipping occurred in the Wing 8 or 9, 
and the dielectric strip 6 or 7 had a small variation (standard 
error) in Width W of 10 pm or less. 

EXAMPLE 2 

In Example 2, the Example 1 Was partially modi?ed. 
Namely, Example 2 Was different from Example 1 in that 

the resist material 13 Was formed by the screen printing 
method using polyvinyl alcohol and a pattern having the 
opening 16, and the resist material 13 Was removed at the 
same time as the ?ring step. The other steps Were the same 
as Example 1. 

In a plurality of the thus-obtained sintered bodies 19, 
neither cracking nor chipping occurred in the Wing 8 or 9, 
and the dielectric strip 6 or 7 had a small variation (standard 
error) in Width W of 10 pm or less. 

EXAMPLE 3 

Example 3 relates to the second embodiment shoWn in 
FIGS. 2A—2H. 

The green sheet 12 and the sheet serving as the removal 
inhibiting layer 15 Were formed by the same method as in 
Example 1. 

First, a plurality of the green sheets 12 Were cut in a 
70-mm square, shaped, laminated, pressed by a hydrostatic 
isostatic press, and then ?red at a temperature of 1600° C. 
for 2 hours in air by using a batch type electric furnace to 
obtain the sintered ceramic substrate 20. 

Next, the plurality of the green sheets 12 and the sheet 
serving as the removal inhibiting layer 15 Were cut in a 
70-mm square or smaller, shaped, and pressed by the hydro 
static isostatic press, and then ?xed on the ceramic substrate 
20 to form the composite laminate 21 shoWn in FIG. 2C. 

Then, the formation of the resist material 13, the removal 
the portions of the green sheets 12, Which Were exposed 
through the opening 16, the removal of the resist material 13, 
and the ?ring of the structure 18a, Were carried out in turn 
by the same procedure as in Example 1 to obtain the sintered 
body 19 having the dielectric strip 6 or 7 and the Wing 8 or 
9. 

In the thus-obtained sintered bodies 19 obtained in 
Example 3, neither cracking nor chipping occurred in the 
Wing 8 or 9, and the dielectric strip 6 or 7 had a small 
variation (standard error) in Width W of 10 pm or less. 
As described above, the method of manufacturing a 

dielectric Waveguide comprises removing the predetermined 
portion of a green compact or a green sheet in a green state 
instead of processing a ceramic sintered body, thereby 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

10 
permitting processing for obtaining a desired shape Within a 
short time Without causing cracking and chipping. In 
addition, the method of shaping the dielectric strip and the 
Wing does not require the conventional step of laminating 
green sheets in each of Which an opening or notch has been 
previously formed, and thus it is not necessary to strictly 
align a plurality of green sheets, thereby providing an 
improvement in the ef?ciency of the manufacture of a 
dielectric Waveguide. 

In the step of patterning a resist material in a desired shape 
for removing the predetermined portion of the green com 
pact or the green sheet, the resist material can be patterned 
by using a photolithographic technique Which enables ?ne 
patterning, thereby precisely de?ning the dimensions of the 
dielectric strip and the Wing, and improving the dimensional 
precision. 

Furthermore, in removing the predetermined portion of 
the green compact or the green sheet, a removal inhibiting 
layer comprising a dif?cult-to-remove material is provided 
so that the removing step is performed until the removal 
inhibiting layer is exposed. Therefore, it is possible to 
provide a margin for time control of the removing step, and 
to previously set the desired amount of removal With good 
reproducibility. This also contributes to an improvement in 
the precision of the shape and dimensions of the dielectric 
Waveguide. 

Therefore, the method of manufacturing a dielectric 
Waveguide is capable of ef?ciently manufacturing a dielec 
tric Waveguide With high reliability and precision at loW 
cost. 

Particularly, in the second aspect of the present invention, 
green sheets for forming a part of the dielectric strip are 
?xed on a sintered ceramic substrate for forming the remain 
der of the dielectric strip and the Wing, and then processing 
such as removal of the predetermined portions of the green 
sheets is performed. Therefore, it is possible to securely 
prevent deformation of the green sheets during progress of 
the steps, further improve Workability, and further improve 
the reliability, the precision, and the manufacturing ef? 
ciency. 

In order to obtain a green compact, a plurality of the green 
sheets are laminated in the ?rst aspect of the present 
invention, or a plurality of the green sheets are laminated on 
the ceramic substrate in the second aspect of the prevent 
invention, Whereby the thickness of each of the dielectric 
strip and the Wing can easily be controlled according to the 
number of the green sheets laminated. 

In the second aspect of the present invention, When the 
ceramic substrate and the green sheets comprise the same 
ceramic material, the adhesion betWeen both materials can 
be improved in the ?ring step. 

In the present invention, by using the sand blasting 
method for removing the predetermined portion of the green 
compact or the composite laminate, the predetermined por 
tions of the green sheets containing moisture and an organic 
component can be removed relatively deeply With a high 
dimensional precision Without causing a problem. 
Therefore, the sand blasting method can be said to be 
particularly suitable for manufacturing a dielectric 
Waveguide comprising a dielectric strip and a Wing. 

In the present invention, When the resist material is 
removed by pyrolysis in the ?ring step, a special step for 
removing the resist material is unnecessary, further simpli 
fying the process for obtaining a dielectric Waveguide. 

Although the present invention has been described in 
relation to particular embodiments thereof, many other 
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variations and modi?cations and other uses Will become 
apparent to those skilled in the art. Therefore, the present 
invention is not limited by the speci?c disclosure herein. 
What is claimed is: 
1. A method of manufacturing a dielectric Waveguide 

Which includes a plurality of conductors having substantially 
parallel planes, a dielectric strip arranged betWeen the planes 
of the plurality of conductors, and a Wing integrally formed 
With the dielectric strip to eXtend from the dielectric strip 
along each of the planes of the conductors, the method 
comprising: 

preparing a sintered ceramic substrate for forming a 
portion of the dielectric strip and the Wing; 

preparing a green sheet containing an inorganic poWder 
and an organic binder for forming a remainder of the 
dielectric strip; 

preparing a composite laminate by ?xing the green sheet 
on the ceramic substrate; 

Wherein preparing the composite laminate includes pro 
viding a removal inhibiting layer comprising a 
dif?cult-to-remove material having a loWer removal 
rate than that of a remainder of the green sheet betWeen 
the ceramic substrate and the green sheet in the com 
posite laminate; 

forming a resist material on an outer surface of the 
composite laminate, a position of the resist material 
de?ning an opening corresponding to the Wing; 

removing the portion of the green sheet, Which is exposed 
through the opening, to a desired amount until the 
removal inhibiting layer is eXposed, by using the resist 
material as a mask to form an un?red structure having 
a shape comprising the dielectric strip and the Wing; 

removing the resist material; 
?ring the un?red structure to obtain a sintered body 

having the dielectric strip and the Wing; 
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providing the conductors respectively on the surfaces of 

the dielectric strip and the Wing, Which face outWard; 
and 

arranging the sintered body relative to a second sintered 
body such that their respective dielectric strips are 
opposed to each other. 

2. The method of manufacturing a dielectric Waveguide 
according to claim 1, Wherein the ceramic substrate and the 
green sheet comprise the same ceramic material. 

3. The method of manufacturing a dielectric Waveguide 
according to claim 1, Wherein the step of ?Xing the green 
sheet on the ceramic substrate comprises the step of lami 
nating a plurality of green sheets on the ceramic substrate 
With the removal inhibiting layer provided therebetWeen. 

4. The method of manufacturing a dielectric Waveguide 
according to claim 1, Wherein the step of removing the 
portion of the green sheet Which is eXposed through the 
opening, is carried out by sand blasting. 

5. The method of manufacturing a dielectric Waveguide 
according to claim 4, Wherein the dif?cult-to-remove mate 
rial has a composition containing a larger amount of organic 
component than that of the green sheet. 

6. The method of manufacturing a dielectric Waveguide 
according to claim 5, Wherein the dif?cult-to-remove mate 
rial contains substantially no inorganic component. 

7. The method of manufacturing a dielectric Waveguide 
according to claim 1, Wherein the step of removing the resist 
material is carried out at the same time as the step of ?ring 
the un?red structure. 

8. The method of manufacturing a dielectric Waveguide 
according to claim 7, Wherein the step of removing the resist 
material further comprises removing the organic binder. 

9. The method of manufacturing a dielectric Waveguide 
according to claim 1, Wherein the step of removing the resist 
material further comprises removing the organic binder. 

* * * * * 


